The distribution and abundance of the hyperiid amphipods of the southern Gulf of Mexico was analyzed from zooplankton samples collected during summer and winter 1991. We evaluated the effect of the local hydrographic conditions, characterized by mesoscale eddies, on the hyperiid community. We explored the presumed correlation of hyperiids with siphonophores, one of the groups of gelatinous zooplankton to which they are symbionts. It was expected that hyperiids were more abundant in areas related to cyclonic eddies and less abundant in the anticyclonic eddies than in the surrounding waters, but most differences were not significant. Both our data set and previous observations are not conclusive because they are based on low resolution sampling grids. Hyperiids were significantly more abundant at night. Of the 57 species of hyperiids recorded, Lestrigonus bengalensis was widely dominant in both seasons. It was significantly correlated (Spearman r) with the siphonophore Muggiaea kochi during the winter and with Diphyes dispar in the summer, when this siphonophore was most abundant. It is suggested that the association takes place and is detectable when and where both species are highly abundant. There are other significant siphonophore/amphipod correlations; most are not likely to represent symbiotic associations. Variations of the gulf hyperiid community are related to: (i) the dominance of L. bengalensis, (ii) the seasonal abundance of the siphonophore D. dispar, mainly in relation to L. bengalensis, (iii) the anomalous occurrence of deep-living forms and (iv) day/night variations. The presumed influence of mesoscale eddies on the gulf hyperiid community deserves further study.
I N T RO D U C T I O N
Hyperiid amphipods are planktonic crustaceans that are distributed in the water column from the surface layers to the bathypelagial depths, but most of the 250 species currently known occur within the 0-100 m layer (Vinogradov et al., 1996; Vinogradov, 1999) . Because of their relatively weak vertical migrations, most plankton surveys have dealt with the epipelagic hyperiid fauna in different regions; however, the factors that determine the distributional patterns of this group are not fully understood (Siegel-Causey, 1982; Lavaniegos and Ohman, 1999) , particularly in tropical latitudes.
Hyperiids are known to be associated to distinct taxa of gelatinous zooplankters, including siphonophores, medusae, salps and ctenophores, which they use for transportation and protection (Laval, 1980; Gasca and Haddock, 2004) . It is expected that the general distributional and abundance patterns of these two functional groups are coincident in zooplankton sampling (Purcell, 1997; Ressler and Jochens, 2003) ; however, there is little information about this topic because these groups are usually studied separately.
Circulation in the eastern sector of the Gulf of Mexico is characterized by a flow from the Yucatan Channel to the Florida Straits. When this westward current intrudes into the Gulf, it forms the Loop Current (LC) (Molinari and Morrison, 1988) ; it deflects toward the west detaching anticyclonic mesoscale eddies (Lewis and Kirwan, 1985) .
These eddies can be warm-core (anticyclonic) or coldcore (cyclonic). Surface hydrographic profiles and water mass distribution in the gulf are determined by the influence of these mesoscale features (Vidal et al., 1994) . The cyclonic eddies are local regions in which primary productivity in near-surface waters is higher than in the oceanic areas outside (Ressler and Jochens, 2003) . Conversely, the warm-core eddies are nutrient-limited, low productivity areas (Biggs, 1992; Biggs et al., 1997; Wormuth et al., 2000) .
The knowledge of the hyperiid fauna in the Gulf of Mexico, Northwestern Tropical Atlantic (NWTA), has had a relatively recent development. Stuck et al. (Stuck et al., 1980) provided the first information about the composition of this group, but the relation between the hyperiid fauna and the gulf hydrography was explored only recently (Gasca, 2003a (Gasca, , b, 2004 . The influence of the LC and its derived dynamic eddy fields constitute predominant features of the mesoscale circulation in the gulf (Lewis and Kirwan, 1985) . In this work, we analyzed the composition, distribution and abundance of the hyperiid amphipods in the southern Gulf of Mexico in relation to the general hydrographic conditions of the surface layer during two contrasting seasons (winter and summer). We also explored the presumed link between the distribution and abundance patterns of the hyperiids with that of siphonophores, the most abundant group of gelatinous zooplankton in the area (Gasca, 1993) .
M E T H O D Sampling
Zooplankton samples were collected during two oceanographic cruises in the southern Gulf of Mexico. Both were made by the O/V "Justo Sierra" operated by the Universidad Nacional Autónoma de México. The first cruise (CIRCAM I) was carried out in 21-29 January 1991 (winter), visiting 36 sampling sites (Fig. 1A) . The CIRCAM II cruise (12 -23 July 1991, summer) included 52 stations (Fig. 1B) . The station grids included both neritic and oceanic areas; day and night samples were collected ( Fig. 1) . Sea surface temperature (SST) and salinity were measured at each station using a CTD. A standard plankton net (0.33 mm mesh-size, 1 m mouth diameter, equipped with a digital flowmeter) was towed obliquely in the upper layer (0 -50 m). Samples were fixed and preserved in a 4% buffered formalin solution. Hyperiid amphipods were sorted from the original zooplankton samples and identified following Shih and Chen (Shih and Chen, 1995) , Vinogradov et al. (Vinogradov et al., 1996) and Zeidler (Zeidler, 1998 (Zeidler, , 2003 (Zeidler, , 2004 .
Statistical analysis
Hyperiid abundances (standardized to individuals/ 1000 m 3 ) were log-transformed (log [xþ1]) prior to statistical analyses in order to reduce both the effects of abundant species relative to rare species and the possibility of significant differences among stations due to chance (Clarke, 1993) . Shannon's Diversity, Pielou's evenness (J) and Margalef 's richness index were determined for hyperiids and siphonophores. These indices were calculated using the PRIMER software (Clarke and Warwick, 2001) . A SIMPER (similitude percentage) analysis was used to determine which species contribute the most to the characterization of the community during both cruises. The data on abundance and number of species from stations inside and outside the mesoscale eddies and the day/night abundances were compared using the Mann-Whitney U rank-sum test. A species accumulation curve using the UGE (Ugland, Gray & Elingsen) index (Ugland et al., 2003) and a sampling effort curve were performed to contrast the differences between both sampling seasons. Multivariate techniques (ANOSIM: analysis of similarities) were performed using the PRIMER software (Clarke and Warwick, 2001) to compare the general abundances of hyperiids and siphonophores in the area during both seasons. Pair-wise statistical analysis of the most abundant co-occurring hyperiid and siphonophore species was also performed using the Spearman (r) correlation index. The resulting correlations were tested using the Bonferroni method at an experiment-wise level of a ¼ 0.05 with sequential tests according to the number of comparisons k, as a 0 ¼ a/k. Standardized data of siphonophore abundance (ind./1000 m 3 ) during these cruises were obtained from Gasca (Gasca, 1993) .
R E S U LT S Hydrography
During winter, SST ranged between 20.6 and 24.98C, with an overall average of 23.18C. Highest SST values were recorded in oceanic waters, two restricted areas showed relatively lower temperatures. Salinity fluctuated between 35.5 and 36.5 PSU (average: 36.04 PSU). Two cold-core (CAW: sta. 1, 2; CBW: sta. 22, 27, 30) and one warm-core (AAW: sta. 13, 14) eddies affected several stations of the area during the winter, as revealed by the topography of the 208C isotherm ( Fig. 2A) . The vertical influence of the CAW and CBW features mainly reached the upper 100-200 m.
During the summer, SST ranged between 21.3 and 28.78C and averaged 22.88C. Salinity fluctuated between 36.1 and 36.7 PSU (average: 36.4). The topography of the 188 isotherm allowed detection of two cold-core cyclonic (CAS: sta. 14, 15; CBS: 46, 49, 50) and one warm-core (AAS: sta. 12, 37, 40, 43) eddies (Fig. 2B ). The vertical influence of features CAS and CBS in the 0 -50 m layer was limited.
Diversity and abundance
A total of 57 species of hyperiids were recorded in the gulf during both cruises; these belonged to 11 families and 32 genera ( Table I ). The summer samples contained more species of hyperiids (45) than those collected during winter (40). During winter, the average abundance was 1 376 + 107 ind./1000 m 3 ; the total abundance at individual sites ranged between 52 and 20 507 ind./1000 m 3 . The highest winter hyperiid abundances were recorded at neritic stations sampled at night off the Yucatan Shelf and the westernmost sector of the gulf (Fig. 2C ). The summer average abundance dropped to 411 + 43 ind./1000 m 3 ; station-by-station numerical abundance varied between 17 and 3 872 ind./1000 m 3 . Highest densities were recorded in neritic areas west of the Yucatan Shelf (Fig. 2D ).
The most abundant species during winter was Lestrigonus bengalensis; it represented up to 80% of the total hyperiid numbers recorded and showed a widespread distribution ( Fig. 2E ). It was followed by Hyperietta vosseleri (2.4%), Anchylomera blossevillei (2.4%), Primno latreillei (1.8%) and Eupronoe intermedia (1.1%).
Lestrigonus bengalensis was also the most abundant species during summer (84% of total) ( Fig. 2F ); however, it was followed by a different group of species: Themistella fusca (1.5%), A. blossevillei (1.4%) and Brachyscelus crusculum (1.3%). The SIMPER analysis confirmed L. bengalensis as the dominant species in both environments during winter and summer. The accumulative abundance/species number ( Fig. 3 ) and the sampling effort UGE species-accumulation ( Fig. 4 ) curves show some differences between winter and summer. There are more species but fewer individuals in summer than in winter. About half of the 40 species recorded during the winter were found in the first 9% of the abundance analyzed, whereas in the summer, the same number of species was obtained in analyzing 4.3% of the hyperiid abundance (Fig. 3 ). The UGE curve shows that despite the seasonal differences in abundance, a similar sampling effort yielded the same number of species (i.e. 20 species in 10 samples or less). Also, a higher number of species is expected with increased sampling efforts in both instances.
Day/night
During winter, hyperiids were most abundant at night, they averaged 2 253 ind./1000 m 3 versus 449 ind./ 1000 m 3 during the day (Fig. 2C) ; this difference was significant (Mann -Whitney U max ¼ 254, n 1 ¼ 19, n 2 ¼ 17, a ¼ 0.01). The same tendency was observed in the summer cruise ( Fig. 2D ); although differences were weaker (night average: 570 ind./1000 m 3 versus 241 ind./1000 m 3 in daytime) they were found to be significant (Mann -Whitney U max ¼ 416, n 1 ¼ 32, n 2 ¼ 20, a ¼ 0.01). During the winter, 21 species occurred in both day and night samples, whereas 11 and 9 species were recorded exclusively at night and in daytime, respectively. In the summer, a total of 16 hyperiid species occurred in day and night samples, 21 exclusively at night, and 8 were found during daytime only.
Neritic/oceanic
The Mann-Whitney U comparative analysis of the winter and summer data did not detect differences between the oceanic and neritic areas (winter: JOURNAL OF PLANKTON RESEARCH j VOLUME 31 j NUMBER 12 j PAGES 1493-1504 j 2009 also indicated non-significant differences between the two environments both in winter (R ¼ 0.08; a ¼ 11.3%) and summer (R ¼ 20.159; a ¼ 97%).
Siphonophores and hyperiids
A general comparative analysis of the different indices (diversity, evenness and richness) of the hyperiid and siphonophore communities during the two cruises is presented in Table II . The ANOSIM analysis detected weakly significant differences in the overall abundance and composition of both groups between cruises. Seasonal differences were greater in siphonophores (ANOSIM R ¼ 0.37) than in the hyperiids (R ¼ 0.09). This is confirmed by the SIMPER analysis, a dominance shift occurs among the siphonophores, but not in the hyperiids (Table III) . The Spearman r pair-wise analysis of the species revealed significant positive correlations between some species of the most abundant siphonophores with hyperiids ( During the summer, the only significant positive correlation was found between D. bojani and L. bengalensis (Table IV) . There are many other significant correlations in both seasons that do not involve highly abundant species (Table IV) .
Mesoscale eddies
During winter, the stations influenced by the cyclonic eddies CAW (sta. 1, 2) and CBW (22, 27, 30) showed relatively higher local abundances of hyperiids than those from the surrounding waters ( Fig. 2C ; Table V) . When compared with those from adjacent stations, differences were not significant in the former case (Mann -Whitney U max ¼ 14, n 1 ¼ 2, n 2 ¼ 8) and weakly significant in the CBW eddy (U max ¼ 22.5, n 1 ¼ 3, n 2 ¼ 8 at a ¼ 0.05). In areas/stations associated with the warm-core anticyclone AAW (sta. 13, 14), the abundance was relatively lower (average: 40 ind./1000 m 3 ) than in both CAW and CBW (357 -809 ind./1000 m 3 ), and the surrounding waters (Table V) , but differences were not significant (Mann -Whitney U max ¼ 8, n 1 ¼ 2, n 2 ¼ 8). The number of species inside and outside the eddies (Table V) showed no significant differences:
During summer, the cyclonic eddies CAS and CBS showed the same general tendency observed during winter (Table V, Fig. 2D ); in this season, the outcome of the comparison of the abundances showed no significant inside/outside differences in both eddies (Mann -Whitney U max ¼ 12, n 1 ¼ 2, n 2 ¼ 8; U max ¼ 3.5, n 1 ¼ 3, n 2 ¼ 8, respectively). Stations in the area of the anticyclone AAS showed relatively low abundances compared with the surrounding waters (Table V) , but differences were not significant (Mann -Whitney U max ¼ 14.5, n 1 ¼ 3, n 2 ¼ 9). As observed in winter, the number of species inside and outside the eddies (Table V) showed no significant differences: CAS:
D I S C U S S I O N
All species of hyperiids collected during this survey have been hitherto recorded in the gulf or from other areas of the NWTA (Zeidler, 1992 (Zeidler, , 1998 Shih and Chen, 1995; Vinogradov et al., 1996; Vinogradov, 1999) . Only Parapronoe campbelli and Brachyscelus macrocephalus have not been previously recorded from the gulf. Species of Scina were recorded during both seasons; these deep-living forms are occasionally captured in surface layers (Vinogradov et al., 1996) . The occurrence of some species of this genus in our samples is interesting. Scina borealis was collected from a day sample related to eddy CBW (winter sta. 22); it commonly dwells at depths below 500 m during the day (Thurston, 1976) . Also, the occurrence of females of S. crassicornis at night (summer sta. 15, 20) and related to a cyclonic eddy is noteworthy. Both males and females remain at 300 -900 m during the day; at night, males migrate to the upper 50 m, but females remain below the 200 m (Thurston, 1976) . The anomalous occurrence of these species in the surveyed area is attributed to the local upwelling related to cyclonic eddies (Gasca, 2004) , thus modifying the local hyperiid community. Members of Scina were absent from the anticyclonic eddies in both seasons.
Abundance of hyperiids
The group of the most abundant hyperiid species varied seasonally, only L. bengalensis and A. blossevillei were dominant in both seasons, the former being overwhelmingly abundant. This group of dominant species has been recognized from previous surveys in the gulf (Gasca, 2003a, b; Gasca and Haddock, 2004) . The Gulf of Mexico is currently the only subregion of the NWTA in which high relative abundances of L. bengalensis (65-86%) have been recorded consistently. In adjacent areas of the NWTA, such as the Caribbean Sea, this species is less abundant (35 -40%) (Gasca and Shih, 2001; Gasca and Suárez-Morales, 2004) and in the Sargasso Sea, L. bengalensis is not among the 20 most abundant hyperiid species (Gasca, 2007) .
The average abundance of the hyperiids in the gulf varied seasonally; it was 3-fold higher during the winter than in the summer (1376 ind./1000 m 3 versus 411 ind./1000 m 3 ), but differences were not significant. The few available data on the seasonal variations of this group in the gulf are not consistent; Gasca (Gasca, 2003a (Gasca, , b, 2004 obtained average abundances of 1209, 849 and 1437 ind./1000 m 3 in summer, spring and summer, respectively. Part of these differences could be related to different sampling depths, seasonal changes in hydrography or the variability of the population structure of the most abundant species, mainly L. bengalensis.
Neritic/oceanic Gasca (Gasca, 2004) found that hyperiids were 5-fold more abundant in neritic areas than in the oceanic waters of the gulf. In this survey, overall neritic densities were greater than in the oceanic zones in both seasons, but the multivariate analysis showed no significant differences; these were probably obscured by the overwhelming dominance of L. bengalensis in both environments during the two seasons. This species is one of the few hyperiids that is equally successful in shelf and oceanic waters (Bowman, 1973; Vinogradov et al., 1996) .
Day/night
A higher nighttime abundance of hyperiids was recorded during both seasons; this pattern is usually found in the group, whose limited diel vertical migrations concentrate most individuals within the upper 50 m at night (Répelin, 1978) . The high local dominance of L. bengalensis, a species known to be equally abundant by day and night within the upper 50 m year-round (Siegel-Causey, 1982) did not conceal the day/night differences of the overall hyperiid community.
The day/night hyperiid abundance in relation to the mesoscale features showed a similar tendency, they were consistently more abundant at stations sampled at night in both cyclonic and anticyclonic eddies (Tables II and  III) . Répelin (Répelin, 1978) found higher night densities in anticyclonic gyres of the northwestern Pacific. Gasca (Gasca, 2004) reported a reverse diel migration pattern of some hyperiids in warm-core eddies, with higher local abundances of hyperiids in day samples. Many hyperiid species dwelling in the upper 0 -100 m have limited vertical migration ranges and similar day/ night abundances (Schulenberger, 1977) , but mesoscale features can cause local variations of the regular vertical migratory patterns of hyperiids (Siegel-Causey, 1982) .
Mesoscale features
Previous surveys (Gasca, 2003b (Gasca, , 2004 suggest that part of the distributional patterns and local anomalies of the Correlations that have been documented as actual symbiotic associations. Data of siphonophore composition during both seasons from Gasca (1993) .
hyperiid community in the Gulf of Mexico are related to the influence of mesoscale features. Relatively lower abundances were observed in areas related to warmcore anticyclonic eddies during the winter and partially during summer 1991 (Table V) , but differences were not statistically significant. These anticyclonic eddies are presumed to be less productive systems than the surrounding oceanic waters in the gulf (Biggs, 1992; Wormuth et al., 2000; Ressler and Jochens, 2003) and also in Australian waters (Tranter et al., 1983; Young, 1989) . Previous data on hyperiids are contradictory; Gasca (2003a) did not detect these effects but the same author (Gasca, 2004) obtained consistently lower hyperiid densities related to anticyclonic eddies. In the cold-core cyclonic eddies CAW and CAS, Gasca et al. (Gasca et al., 1995) reported zooplankton biomass values that are 3-fold higher than in the adjacent oceanic waters. Other surveys reported hyperiids being more abundant and diverse in these eddies than in the surrounding oceanic waters (Biggs, 1992; Ressler and Jochens, 2003) . Despite weakly significant differences found in cyclone CBW, our data are insufficient to support this assumption during the surveyed period. Inside/outside eddy differences in the hyperiid community seem to be clearer from focused surveys (Young, 1989; Gasca, 2003a) ; this is true for other zooplankton groups as well (Biggs, 1992 , Wormuth et al., 2000 Suárez-Morales et al., 2002) . Regular sampling grids such as those studied by us and Gasca (Gasca, 2003b (Gasca, , 2004 have only a limited value in detecting local anomalies in abundance and diversity of hyperiids. The low number of unreplicated observations directly involving the mesoscale features provided a reduced resolution, thus explaining the low statistical significance reported from these surveys. The effect of these features in the zooplankton community should be addressed with a different sampling protocol and clearly deserves further study as an interesting topic.
Hyperiids and siphonophores
The distribution and abundance of hyperiids has been linked to that of their gelatinous hosts (Laval, 1980; Lavaniegos and Ohman, 1999) , but other authors found little evidence to support this (Siegel-Causey, 1982) . It is likely that higher concentrations of hyperiids could be related to the preference of their gelatinous hosts to congregate in highly productive areas (Purcell, 1997; Ressler and Jochens, 2003) ; however, these groups have not been studied concomitantly from the same zooplankton samples. During both periods surveyed, the highest zooplankton biomass and productivity (Gasca et al., 1995) coincides with the areas of highest hyperiid (Fig. 2) and siphonophore (Gasca, 1993) abundance during both seasons, mainly along the outer shelf of the Yucatan Peninsula. The overall seasonal and day/night differences in abundance of siphonophores and hyperiids are coincident (see Gasca, 1993) . Our statistical analysis of the abundance data of both groups showed that the total hyperiid abundance is not significantly correlated with the overall siphonophore abundance during both seasons. This could be related to the fact that hyperiids are associated also with different gelatinous zooplankters other than siphonophores (Laval, 1980) . Hence, it was more likely that associations could be found among selected species (most abundant, in highly productive areas), as suggested by Purcell (Purcell, 1997) . The most abundant siphonophore species during the winter were E. spiralis (37.4% of total numerical abundance), D. dispar (15.2%) and D. bojani (8.8%). Diphyes dispar was the most abundant species CAW, winter cyclone "A"; CBW, winter cyclone "B"; AAW, winter anticyclone "A"; CAS, summer cyclone "A"; CBS, summer cyclone "B"; AAS, summer anticyclone "A"; WAS, winter adjacent stations; SAS, summer adjacent stations; SD, standard deviation. When two or more stations are involved, the density is an average. Adjacent stations/values are unrelated to gyres.
during the winter (37%), followed by D. bojani (27%) and Bassia bassensis (13.1%) (Gasca, 1993 ; Table III ). The structure of the gulf hyperiid community in both seasons depends largely on the abundance of L. bengalensis (Table III) ; this species is known to occur as a symbiont of the medusa Eirene pyramidalis (Harbison et al., 1977) and also of the siphonophore Diphyes bojani off Brazil (Lima and Valentin, 2001) . In our samples, D. dispar was more abundant than D. bojani, and occurred with the same general pattern as L. bengalensis, being highly and equally abundant in neritic and oceanic areas of the southern gulf, including the highly productive areas (Gasca, 1993) . A statistically significant positive correlation was detected during the summer for these two species; it was in this season during which D. dispar was most abundant. Lestrigonus bengalensis seems to relate to D. dispar only during the summer, when the siphonophore is most abundant. It is suggested that the association takes place and is detectable from regular zooplankton samples when and where both species are highly abundant, conditions that occurred only during the summer. Hence, it is probable that the abundance and distributional patterns of these two dominant species are linked in the gulf. During winter, the correlation between the siphonophore Muggiaea kochi and L. bengalensis is interesting because both are among the few neritic species of their group. Their co-occurrence could be related not only to a potential symbiotic association but to a common affinity with certain environmental conditions. The same may be the case for most of the other positively correlated siphonophore/amphipod co-occurrences observed among the less abundant species; the only other previously known association, between Abyla trigona and Phronima colletti (Chun, 1889 (Chun, , 1895 was recorded as weakly significant during the winter (r ¼ 0.43, P ¼ 0.0047). Furthermore, some of these pairs are not considered as potential associations, oxycephalid hyperiids such as species of Glossocephalus and Oxycephalus are known to be symbionts of ctenophores only (Laval, 1980) ; species of Vibilia are known as symbionts of salps. There is a negative correlation between the siphonophore Abylopsis eschscholtzi and the amphipod Lestrigonus bengalensis that suggests that this hyperiid could hardly be associated with this siphonophore species because they occur where the other species is absent. The information obtained from plankton samples provides an overall view of the community structure of these two symbiotically related taxa under the same environmental conditions, but specific associations must be established by direct observation (Gasca and Haddock, 2004) .
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